Abstract Inhibitors of monoamine oxidase-B (MAO-B) occupy an important place in the treatment of Parkinson's disease. Selegiline was the first MAO-B to be used therapeutically, while rasagiline is a second-generation drug with higher potency and selectivity. Safinamide is an investigational MAO-B inhibitor with non-dopaminergic properties that may provide advantages over its predecessors. As a class, MAO-B inhibitors are safe and well tolerated and provide symptomatic benefit both as monotherapy and in combination with other antiparkinsonian medications from early to late stages of disease. In combination with levodopa, MAO-B inhibitors may improve motor fluctuations and allow for lower total doses of levodopa. Patient characteristics and preferences can be important factors in deciding between agents. As a class, MAO-B inhibitors have shown promise as disease-modifying agents, but the clinical trial evidence to date has not been strong enough to afford them such a label. Future research may help further elucidate their relative merits and clarify their role in altering disease progression.
Introduction
Parkinson's disease (PD) is a common progressive neurological disorder currently affecting approximately 2 % of the population over the age of 60 years [1] . Loss of dopaminergic cells in the substantia nigra results in striatal dopamine deficiency that produces a syndrome characterized by motoric disturbances, principally bradykinesia, rigidity, and rest tremor. Non-motor symptoms such as autonomic dysregulation, sleep problems, depression, anxiety, and cognitive changes can be debilitating and may occur in pre-symptomatic or late stages of disease. The most effective treatments for the motor symptoms of PD have been those that modulate the dopamine system, either by providing exogenous dopamine (levodopa), boosting dopaminergic activity (dopamine agonists), or interfering with dopamine catabolism (monoamine oxidase-B [MAO-B] inhibitors). While there have been no revolutionary treatments for PD in the last few decades, great interest remains in the development of new drugs, novel delivery systems, and drug combinations, which are of utmost importance with the growing prevalence of the disease. MAO-B inhibitors are widely used in the management of both PD and psychiatric disorders and continue to be investigated for their therapeutic value and disease-modifying potential. This article discusses the characteristics and clinical use of the established (selegiline, rasagiline) and experimental (safinamide) MAO-B inhibitors in the treatment of PD.
Monoamine Oxidase-B (MAO-B) Inhibitors
Monoamine oxidase (MAO) is a mitochondrial enzyme that oxidatively deaminates monoamines (e.g., epinephrine, norepinephrine, serotonin, dopamine, tyramine, benzylamine, phenylethamine) and occurs in two isoforms, A and B [2] . Monoamine oxidase-A (MAO-A) shows greater activity towards deamination of serotonin and norepinephrine, while MAO-B shows greater activity towards benzylamine and phenylethylamine [3] . They are equally active towards dopamine and tyramine. Tyramine in the gut is deaminated by MAO-A, which is the main isoform found in non-central nervous system (CNS) organs. When MAO-A is inhibited, tyramine in the gut is not deaminated; after it is absorbed, it is taken up by the norepinephrine nerve terminals and acts as a false neurotransmitter. When it enters these nerve terminals, it displaces the stored norepinephrine. On its release, norepinephrine can create a hypertensive crisis. This crisis is known as the 'cheese effect' because it was initially found to be associated with the ingestion of certain cheeses. Subsequently, tyramine was identified as the specific ingredient that was the culprit. MAO-B does not act on tyramine in the gut, and therefore inhibitors of MAO-B may be used in the treatment of PD without the restriction of a low-tyramine diet. Both isoforms are present in the substantia nigra, with MAO-A being localized mainly to the pars compacta and MAO-B being the predominant isoform in the pars reticulata [4] . Dopamine is formed first by the conversion of dietary tyrosine to levodopa in neurons, which is then decarboxylated to dopamine in dopaminergic and noradrenergic neurons. When released from synaptic vesicles, dopamine is metabolized by MAO-B localized in the mitochondria glial cells surrounding the synaptic cleft. (In glia and postsynaptic neurons, dopamine is also metabolized by catechol-O-methyl transferase [5] ). MAO-B inhibitors thereby potentiate striatal neuronal responses to dopamine [6] and are therefore useful in the treatment of PD, whose underlying pathophysiology involves dopamine deficiency [7] . The two selective, irreversible MAO-B inhibitors currently approved by the US FDA for the treatment of PD are selegiline and rasagiline. Both selegiline and rasagiline are used in early PD as monotherapy and as adjunctive therapy to levodopa and dopamine agonists in later stages of PD [8, 9] .
Compared with levodopa and dopamine agonists, the symptomatic relief of early PD provided by MAO-B inhibitors is modest at best [10] ; however, they are associated with fewer side effects [11] . A study investigating monotherapy of rasagiline compared with ropinirole and pramipexole in early PD concluded that patients receiving rasagiline experienced fewer adverse events and dropout rates were lower than with those receiveing the dopamine agonists. Both ropinirole and pramipexole produced more adverse events related to gastrointestinal issues and sleep/fatigue, and pramipexole particularly was associated with a high incidence of adverse cognitive effects [12] .
Levodopa is still the most effective medication for the treatment of PD. It is widely used [13] and, since its advent in 1967, has revolutionized the treatment of PD [14] , improving the quality of life of millions of people worldwide [15] . However it is associated with motor complications such as wearing off, 'on-off' phenomena and dyskinesias after prolonged therapy for more than 5 years [16] . The possibility of levodopa toxicity or loss of efficacy over time has been entertained by many, and indeed some experimental models have demonstrated a toxic effect of levodopa on dopaminergic and serotonergic neurons in the brain [17, 18] . Others have found that levodopa is not neurotoxic to animals, even at high doses [19] , or to humans with PD [20] , and may even promote neuronal recovery [21] . The ELLDOPA study, a multicenter placebo-controlled clinical trial, concluded that levodopa treatment did not accelerate the rate of PD progression and was possibly neuroprotective [22] . There is now compelling evidence that duration and severity of disease [23] and high dosages of levodopa [24] (but not duration of levodopa treatment) are major risk factors for inducing levodopa-induced dyskinesias. Although some investigators consider noncontinuous delivery of levodopa to be a risk factor for this complication, this has not been proven and is best considered a hypothesis. Because of concerns about developing dyskinesias with high-dosage levodopa, the desire to postpone the use of levodopa as long as possible is still a strategy favored by many patients and clinicians.
MAO-B Inhibitors and Neuroprotection
One highly sought after goal for medical treatment of neurodegenerative disease, short of a cure, is the discovery of a drug that might retard disease pathology, rather than simply provide symptomatic relief. When first discovered, MAO-B inhibitors provided some hope of fulfilling the role of a disease-modifying agent in PD. The optimism was based largely on the fact that MAO-B metabolism produces oxygen free radicals, which supported the oxidative stress theory of neurodegeneration, and the observation that MAO-B helped attenuate damage from the neurotoxin MPP?.
N-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a neurotoxin that is metabolized by MAO-B to the active form MPP?, which is toxic to dopaminergic neuron and causes PD-like symptoms in humans and animals. Selegiline, rasagiline, and safinamide have been shown to prevent MPTP from being oxidized to MPP? [25, 26] .
The mechanism of neuroprotection conferred by MAO-B inhibitors has been hypothesized to be multifaceted based on in vitro studies, and may include prevention of reactive oxygen species production, increase of neurotrophic factors in neurons and glia, or upregulation of anti-apoptotic factors [27] [28] [29] . A related possibility is that MAO-B activity, which naturally increases with age [30] , is itself dysfunctional and that excessive or even normal activity is a potential cause of oxidative stress in PD [31] . However, demonstrating disease modification in human studies is challenging as it requires a study design that differentiates between improvements that result from symptomatic benefit and those that result from altering the natural history of the disease. The FDA's requirement for proving disease modification has been quite rigorous. The higher dose of rasagiline met only one of three hierarchical endpoints required to prove disease modification in the ADAGIO study and was therefore ultimately rejected by the FDA as a disease-modifying agent [32] . Other drugs have similarly failed to achieve disease-modifying status when translated from the laboratory to human beings [33] .
Safety of MAO-B Inhibitors
MAO-B inhibitors are quite safe and well tolerated as a class, with few drug-drug interactions. One potentially serious complication from taking high doses of MAO inhibitors is the hypertensive 'cheese effect', as mentioned above. This is a concern for non-selective MAO inhibitors that had been used to treat depression or for high doses of relatively selective MAO-B inhibitors to the extent that MAO-A is also inhibited, and serves as the basis for the recommendation that dietary tyramine be avoided by patients treated with MAO inhibitors. However, at the recommended doses of the MAO-B inhibitors used in the treatment of PD, they are highly selective for MAO-B and therefore obviate the need for dietary control [34] . Selegiline is dosed at 10 mg/day for the treatment of PD, and does not produce MAO-A inhibition (and therefore, tyramine potentiation) until a dose of 30 mg/day is reached [35] [36] [37] . Likewise, rasagiline at the approved doses of 0.5-1 mg/day is not associated with any significant tyramine pressor response [38, 39] . Restrictions of tyramine consumption are no longer viewed as necessary [37, 40] .
Serotonin syndrome is another serious adverse reaction that can result from loss of MAO-B selectivity during the concomitant administration of an MAO-B inhibitor and a serotonergic medication. This syndrome is potentially fatal and is caused by a toxic build-up of serotonin, leading to fever, hallucinations, tachycardia, and gastrointestinal symptoms. However, the high selectivity of MAO-B inhibitors makes this an exceptional occurrence. A survey of the Parkinson Study Group revealed that only 0.24 % of patients treated with selegiline ? a selective serotonin reuptake inhibitor (SSRI) developed symptoms possibly consistent with serotonin syndrome, and only 0.04 % experienced a serious reaction, with no fatalities [41] . In the PRESTO study of rasagiline, no difference was found in the rate of adverse events between SSRI-treated and non-SSRI-treated patients [42] . Recently, a large retrospective cohort study found no cases of serotonin syndrome in patients treated with rasagiline plus an antidepressant [41] . Therefore, in most cases, MAO-B inhibitors can be safely administered along with SSRIs. This is important because the co-morbidity of depression and PD makes it quite likely that an SSRI will be required at some point during the disease course [43] [44] [45] . Discontinuing a MAO-B inhibitor in order to start an SSRI or using an alternative class of antidepressant to avoid interaction is generally not necessary as long as the recommended dose of MAO-B inhibitor is not exceeded.
Selegiline
Knoll and Magyar described selegiline in 1965 and showed it was a selective MAO-B inhibitor and did not cause the cheese effect [46] . Selegiline was the first MAO-B inhibitor to be approved by the FDA for the treatment of PD, and it is used as monotherapy and as an adjunct in moderately advanced PD. It is a selective, irreversible MAO-B inhibitor and, unlike rasagiline, is metabolized to L-methamphetamine and L-amphetamine.
Clinical studies and experimental and animal models in the 1980s suggested that selegiline may delay disease progression [47] , perhaps by reducing oxidative stress-related pathways causing dopaminergic neuronal death in the substantia nigra [48] . This led to the prospective investigation of the effect of selegiline on the natural progression of PD [26] , and to the extensive DATATOP study, the first double-blind placebo-controlled neuroprotection trial [49] .
DATATOP enrolled 800 patients with newly diagnosed PD and randomized them to receive either deprenyl (an earlier name for selegiline) (10 mg), tocopherol (2000 units), or placebo. After 12 months, 47 % of those treated with placebo needed to start levodopa compared with 26 % in the selegiline group. Selegiline delayed the need for symptomatic treatment with levodopa by 9 months. Due to a mild symptomatic benefit from selegiline (improvement of about 3 points on the total Unified Parkinson's Disease Rating Scale [UPDRS] compared with placebo after 3 months), doubt remained whether these results could be used to support a disease-modifying effect. Other trials have had similar results [50, 51] .
A long-term follow-up study to DATATOP re-randomized 368 patients who had already come to require Ldopa to either placebo or selegiline for 2 years [52] . The selegiline group experienced slower progression of motor symptoms by UPDRS score and also had less freezing of gait (FOG) (16 %) than the placebo group (29 %), although the rate of dyskinesias was higher (34 vs. 19 %).
Several long-term clinical trials have found that the combination of selegiline plus levodopa is associated with decreased levodopa requirements over time than levodopa alone [53] [54] [55] . The prospective double-blind SINDEPAR study attempted to resolve the question of neuroprotection by utilizing a washout period for selegiline [56] . It compared initially untreated PD patients taking selegiline plus levodopa against those receiving selegiline plus placebo and measured their UPDRS scores after 2 months of no selegiline and 7 days of no levodopa (washout). The selegiline group deteriorated significantly less in their total UPDRS scores compared with placebo even after they were off selegiline for 2 months. Still, many found the washout period to be insufficiently long to provide conclusive evidence of neuroprotection, as the benefit could be explained by a long-term symptomatic benefit [57] . The washout period required to eliminate a symptomatic effect is still controversial; the half-life of selegiline has been found to be anywhere from 2 to 40 days, depending on the study [58] . In addition to lowering levodopa requirements, selegiline has been associated with slower disease progression as measured by Hoehn and Yahr stage [59] and with slower accumulation of disability [54] .
Selegiline is dosed at 10 mg per day divided into twicedaily doses. In some patients, the amphetamine metabolites may interfere with sleep, as insomnia is one of the most common side effects of selegiline [60] , although this can usually be prevented by avoiding evening dosing. The stimulant properties of selegiline can sometimes be used to therapeutic effect in patients experiencing daytime fatigue, an extremely common complaint in PD [61, 62] . In summary, selegiline has mild symptomatic benefits for PD and good evidence for producing delay in disease progression and reduction in requirement for levodopa.
Rasagiline
Rasagiline is a selective irreversible MAO-B inhibitor approved by the FDA in 2006 for the treatment of PD. It is dosed once daily, and can be used alone or in combination with other PD medications from early to late stages of the disease. Rasagiline is highly selective for MAO-B versus MAO-A at the doses used for the treatment of PD (0.5-1 mg/day), more so than selegiline, and does not possess any other significant type of pharmacologic effects [63] . The therapeutic efficacy of rasagiline has been demonstrated in a number of phase III-IV randomized double-blind placebo-controlled multicenter trials [32, 42, 64, 65] . As adjunctive therapy, rasagiline has a significant beneficial effect on motor symptoms compared with placebo as measured by UPDRS scores and significantly decreases daily 'off' time [42, 65] . The TEMPO and ADAGIO trials also addressed the potential disease-modifying effect of rasagiline by employing the delayed-start design.
The TEMPO trial examined rasagiline efficacy as initial therapy in 404 patients with early PD not yet requiring dopaminergic therapy [66] . Patients were randomized to receive treatment with either rasagiline 1 or 2 mg or placebo for 26 weeks. After 26 weeks, the placebo group was re-randomized to receive rasagiline 2 mg for another 26 weeks (delayed-start group), while the initial rasagiline group continued with either 1 or 2 mg. The primary outcome measure for the first phase of the study was change in total UPDRS motor score for the treatment versus the placebo group before and after treatment. The mean difference between the early and delayed start groups was about 2 units on the UPDRS in favor of early start after 1 year [66] . Over a 6.5-year open-label follow-up period, the difference persisted at 2.5 units [67] . The ADAGIO study was designed to more rigorously address the question of disease modification with stricter outcome measures, a larger study group (1176 patients), and a longer delayedstart period. Evidence was seen of a mild neuroprotective effect with rasagiline 1 mg but not 2 mg [31] . However, a post hoc analysis revealed that both doses significantly delayed the need for additional dopaminergic therapy. It is unclear how long these effects persist since, after 72 weeks, the only difference between the delayed and early-start groups was in the Activities of Daily Living (ADL) subscore [68] . Rasagiline has been conclusively demonstrated to improve motor function in PD over at least 5 years, but any potential neuroprotective benefit has yet to be confirmed.
Safinamide
Safinamide is another MAO-B inhibitor recently approved by the European Commission as an add-on to levodopa or in combination with other PD medications in mid-to latestage PD patients with motor fluctuations. It is currently under review by the FDA for use in both early and mid-to late-stage PD at doses of 50 and 100 mg per day. Safinamide is so selective for MAO-B that even doses of 10 mg/kg do not produce inhibition of MAO-A [69] . Similar to rasagiline and selegiline, it is an irreversible inhibitor; however, unlike them, it also has additional pharmacologic properties. It blocks voltage-dependent sodium channels and inhibits glutamate release [70] .
The efficacy of safinamide has been established for early and advanced PD in phase II and phase III trials. Two phase III clinical trials have been conducted in early PD with patients receiving dopamine agonists and two in midto late-stage PD for patients receiving levodopa with motor fluctuations [71] [72] [73] [74] . In a 24-week randomized placebocontrolled trial of patients with early PD, the 100 mg/day dose of safinamide was associated with significant improvement in UPDRS part III and part II (ADL scale), and the Clinical Global Impression scale compared with placebo, while the 200 mg/day was not [71] . The MOTION trial evaluated safinamide 50 and 100 mg/day as an add-on to a dopamine agonist in early PD and demonstrated improvement in UPDRS III and quality of life in the PD questionnaire (PDQ-39) measures compared with placebo for the 100-mg dose [72] . Finally, the SETTLE trial was a double-blind placebo-controlled randomized controlled trial that found safinamide was effective in improving ADL scores and emotional well-being in patients with mid-to late-stage idiopathic PD and motor fluctuations on stable levodopa therapy [73] , thus supporting results found in study 016 [74] .
A potential advantage of safinamide over the other MAO-B inhibitors is a purported antidyskinetic effect, which is thought to be related to its anti-glutamate activity [25] . The antidyskinetic properties have been demonstrated in an animal model on MTPP-lesioned dyskinetic macaque monkeys, where pretreatment with safinamide both reduced dyskinesias and prolonged the duration of the antiparkinsonian effect of levodopa. Amantadine alone was effective in reducing dyskinesias but also reduced the motor effect of levodopa [75] . Amantadine is currently the only commonly prescribed antidyskinetic medication, and it is not effective in all patients with dyskinesias [76] . In the extension study of the phase III trial for mid-to latestage PD (study 016), safinamide did not significantly improve scores on the dyskinesia rating scale compared with placebo after 2 years, but scores did improve in a subgroup of patients receiving safinamide 100 mg with moderate to severe dyskinesias. More work is needed to elucidate the potential antidyskinetic properties of safinamide in PD patients [77] .
As with the other MAO-B inhibitors, safinamide has neuroprotective properties in vitro and in vivo. It has been shown to prevent neuronal cell death in animal and tissue culture models [25] . Its antiglutamate effect may provide an additional route of neuroprotective benefit, as glutamate is known to be toxic to neurons [78] . At high doses, safinamide has been shown to protect against hippocampal neuron loss when given to rodents 15 min before kainic acid, a glutamate analog [25] . In a study on rats with experimental autoimmune encephalitis, safinamide protected against neurological disability and axonal degeneration [79] .
The ion channel blockade and consequent diminution in glutamate release caused by safinamide occur at brain concentrations higher than those required for MAO-B inhibition, which raises the question of whether safinamide's therapeutic efficacy is attributable solely to MAO-B inhibition. Clinical studies that have increased the dose of safinamide beyond that calculated to provide complete MAO-B inhibition (C0.3 mg/kg) have shown that these higher doses provide further clinical benefit and that additional dose increases correspond with more benefit [80, 81] . Therefore both laboratory and clinical evidence exists that safinamide is mechanistically different than other MAO-B inhibitors. This could provide significant advantages over selegiline and rasagiline, especially if safinamide's potential as a neuroprotective and anti-dyskinetic agent are realized. Another next-generation MAO-B inhibitor, HT-3951 is currently in development by Dart Neuroscience and is in phase I studies.
Combination Therapies
MAO-B-inhibitors are frequently used in combination with other dopaminergic and non-dopaminergic medications from early-through late-stage PD. While their symptomatic benefit becomes less noticeable as the disease progresses, they may be useful in prolonging the effect of levodopa, in reducing the total dose of levodopa, and in improving 'on-off' motor fluctuations. Selegiline plus levodopa has been found to be superior to levodopa monotherapy [55] , and the LARGO and PRESTO trials showed that rasagiline was better than placebo in decreasing 'off' time [42, 65] . Additionally, LARGO showed that the effects of rasagiline were equivalent to those of entacapone in reducing 'off' time. Recently, rasagiline was shown to be an effective adjunct to dopamine agonists (ropinirole and pramipexole) in improving motor symptoms [82] . Likewise, evidence is now growing that safinamide can be effectively added to both dopamine agonists and levodopa in mid-to late-stage PD [71, 73, 74, 77, 83] . MAO-B inhibitors can be successfully combined with almost any class of antiparkinson medications due to their low risk for drug-drug interactions, and, as adjunct therapy, they constitute a valuable addition to a clinician's drug armamentarium.
Treatment Decisions: Rasagiline Versus Selegiline
No head-to-head randomized clinical trials have compared the efficacy of rasagiline with that of selegiline in the treatment of PD, but several studies have attempted to answer this question through indirect comparative methods. A meta-analysis by Stowe et al. [10] found a significantly greater reduction in L-dopa dose with selegiline than with rasagiline but noted that the levodopa dose in the rasagiline trials could be adjusted only within the first 6 weeks of the trial, while adjustments were permitted throughout the entire study in the selegiline trial, thus concluding that evidence was insufficient to posit any differences between the two drugs [10] . More recently, Marconi and Zwingers [84] compared the efficacy of selegiline and rasagiline in the treatment of early PD by comparing the pooled results of nine clinical trials using forest plot analysis and standardized mean differences of change in total UPDRS score [84] . They found that both drugs were more effective than placebo but were not statistically different from each other in reducing total UPDRS scores from baseline up to 9 months after treatment initiation. On the other hand, Jost et al. [85] conducted a similar retrospective comparative meta-analysis with less selective criteria for study inclusion and reported a distinct advantage of rasagiline over selegiline in terms of total UPDRS score. They also reported that the study discontinuation rate due to adverse side effects was significantly higher with selegiline than with rasagiline [86] . Both selegiline and rasagiline have been examined for their effect on FOG, a particularly intractable and debilitating symptom of advanced PD [87] . In the controlled BLIND-DATE trial, an extension study of DATATOP, Shoulson et al. [52] found that fewer patients treated with selegiline developed FOG than those treated with placebo, which was thought to be unrelated to a symptomatic dopaminergic effect since patients in both treatment arms were already being treated with levodopa and could receive as much levodopa as the treating investigator considered necessary . In the LARGO study, rasagiline was found to significantly improve UPDRS FOG subscores in patients who already had FOG at the start of the study [65] . However, the effects are quite small (-0.16 UPDRS points in the case of the LARGO study) and, even if reproducible, are of unclear clinical significance. Still, given the absence of any proven treatment for freezing, any hint of a clinical benefit, either symptomatic or neuroprotective, may be worth considering by clinicians.
In terms of efficacy as measured by improvement of motor symptoms or FOG, it is therefore difficult to argue in favor of the superiority of either rasagiline or selegiline for the purposes of clinical practice. From a disease-modification standpoint, the delayed-start study design used in the rasagiline ADAGIO trial was better at teasing apart a disease-modifying effect from a symptomatic effect than was the DATATOP selegiline trial design, but still could not convincingly demonstrate a disease-modifying effect [88] . While ADAGIO did demonstrate a reduced cumulative disability in the early-versus late-start group over 18 months, why this benefit was seen with the 1-mg/day and not the 2-mg/day test dose remains unclear and casts doubt on the significance of the improvement associated with the lower dose. In addition, the duration of benefit of the rasagiline 1-mg/day dose remains speculative beyond the 18-month period that has been formally studied. Nevertheless, these data may be used to support the practice of early treatment with an MAO-B inhibitor to delay motor deterioration via alternative mechanisms such as the postponement of deleterious physiologic changes in the brain and basal ganglia circuitry resulting from chronic dopamine deficiency [89] . Supplying dopamine to neurons may support the intrinsic compensatory mechanisms that are at work, for example, for a period of time in early PD at which point 80 % of striatal dopamine has already been lost [89, 90] .
The problem with this hypothesis is that pramipexole failed to be different from placebo in a delayed-start study [33] . Therefore, the compensatory mechanism as being neuroprotective is doubtful.
Based on the clinical data available to date, it is difficult to find a clear therapeutic or neuroprotective advantage, or clinically relevant safety advantage for either rasagiline or selegiline, although the debate on this topic continues [91, 92] . Patient characteristics and preferences or practical issues may therefore come into play when choosing an agent, for example, cost, desire to either avoid or harness amphetamine metabolites, desire for a 'newer' drug versus one with a longer prescribing history, the experience of the prescribing physician with the medication, or dosing frequency [93] .
Conclusions
MAO-B inhibitors were introduced for the treatment of Parkinson's disease over 40 years ago and remain a popular mainstay of treatment. While they do not provide the immediate, powerful antiparkinsonian effect of levodopa, they offer mild symptomatic improvement without the complications associated with levodopa and therefore may be particularly useful in the treatment of early or mild PD. In advanced PD, they can be beneficial in ameliorating 'onoff' motor fluctuations and limiting levodopa requirements. Further research is needed directly comparing the efficacy and side effect profiles of the different MAO-B inhibitors before clinicians can make informed recommendations regarding agent selection. The pre-and post-clinical evidence in favor of a neuroprotective and disease-modifying effect for MAO-B inhibitors is in no way conclusive, but it is nevertheless unparalleled by any other class of antiparkinsonian medications to date. The possibility that MAO-B inhibitors could slow the progression of PD provides additional incentive to start treatment with these agents early in the disease course and to continue in the long term. The promise of neuroprotection has continued to spawn interest in the development and testing of new drugs with MAO-B inhibitory as well as non-dopaminergic activity. As we advance our understanding of neurodegenerative diseases and the complex pathophysiology of PD, the basis for discovery of a definitive neuroprotective agent should come within closer reach.
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